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(57) ABSTRACT

An internal combustion engine includes a crankcase in
which a crankshaft is rotatably mounted in bearings includ-
ing bearing covers, to which at least one connecting rod
carrying a piston is linked. The piston is movable in a
cylinder covered by a cylinder head forming a combustion
chamber and gas exchange valves are arranged in the
cylinder head, which are actuated by at least one camshatft,
which is connected to a gear train gear wheel situated on the
crankshaft via a differential gear. A mass differential gear
including two balance shafts is present. The mass differential
gear is situated in a gear frame and attached to the crankcase
below the crankshaft and driven by a mass shaft drive gear
situated on the crankshaft, which is arranged axially essen-
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tially next to the gear train gear wheel/idler gear. The gear
train gear wheel/idler gear is arranged on the main bearing
cover.

5 Claims, 4 Drawing Sheets
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INTERNAL COMBUSTION ENGINE
INCLUDING A MASS DIFFERENTIAL GEAR
INCLUDING TWO BALANCE SHAFTS

The present disclosure relates to an internal combustion
engine including a crankcase in which a crankshaft is
rotatably mounted, to which at least one connecting rod
carrying a piston is linked, the piston being movable in a
cylinder covered by a cylinder head, forming a combustion
chamber, and gas exchange valves being situated in the
cylinder head, which are actuated by at least one camshaft
connected via a gear mechanism to a gear train gear wheel
situated on the crankshaft, a mass differential gear including
two balance shafts being present.

BACKGROUND

Presently, mass differential gears are driven via gear
wheels mounted on the crank webs. By virtue of the system,
these gear wheels are very large and difficult to mount. This
complex and cost-intensive drive variant is determined by a
drastically limited installation space. Lubricating oil pumps
are partially driven via idler gear bearings attached in the
crankcase. This results in higher tolerance chains and the
problem of an unfavorable lubricating oil supply of the idler
gear bearings. In some instances, both systems have to be
installed at the same time to be able to simultaneously drive
the oil pump and a mass differential gear.

Such an internal combustion engine is furthermore known
from DE 41 28 432 Al. In this internal combustion engine,
a mass differential gear is installed, which is directly inte-
grated into the crankcase of the internal combustion engine.
On the one hand, this yields the option of manufacturing the
bearing positions for the balance shafts of the mass differ-
ential gear during the machining of the crankcase in a shared
operation, while the bearing positions for, for example, the
crankshaft, idler gears and camshaft are being machined or
manufactured. In this way, it is possible to maintain the
distances of the individual bearing positions with respect to
one another with great precision. On the other hand, a mass
differential gear is only required as needed, in particular in
internal combustion engines which are used as industrial
engines, commercial vehicle engines or construction equip-
ment engines. In the event that no mass differential gear is
required, at least the machining of the bearing positions for
the mass differential gear in the crankcase represents addi-
tional efforts which incur additional costs.

A device is known from DE 102 40 713 A1 for balancing
the mass forces for an internal combustion engine including
two balance shafts which are operated in opposite directions
at twice the crankshaft speed and which are situated beneath
the crankshaft within the oil pan attached beneath the
crankcase.

The disadvantage of this is that the described variants are
bulky and expensive.

SUMMARY

It is an object of the present disclosure to provide an
internal combustion engine which represents an installation
space-optimized and cost-effective drive variant for driving
a lubricating oil pump or a mass differential gear, or both, in
an internal combustion engine.

The present disclosure provides that mass differential
gear, which is situated in a gear frame, is attached to the
crankcase beneath the crankshaft and is driven by a driving
gear wheel situated on the crankshaft. As a result of this
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design, initially no unnecessary machining processes are
required on the crankcase, apart from attachment threads for
the gear frame which may be manufactured with little
complexity.

Here, an idler gear bearing for driving a lubricating oil
pump and/or a mass differential gear is advantageously
integrated into the main bearing block, making it possible
for an oil pump and/or a mass differential gear to be driven
with only limited available installation space. For lubricat-
ing the idler gear, the necessary amount of oil is provided by
the main bearing block. In one alternative refinement, it is
provided that the idler gear is equipped with a rolling
bearing, so that no active lubricant supply from the bearing
block is necessary. Another advantage is that both angle
errors of the gear wheels and the flank clearance with respect
to the driving gear wheel present on the crankshaft are
minimized. Another advantageous refinement provides for
the lubricating oil supply of the idler gear bearing to be
covered from the lubricating oil supply of the main bearing
on the crankcase side. One variant provides for the supply
borehole of the crankcase-side bearing block to be partially
drilled and the idler gear bearing integrated into the main
bearing cover is forwarded. Another variant provides for the
oil supply of the idler gear bearing to be implemented by a
bearing shell installed on the crankcase side, including an
integrated rear-side oil supply groove. Another variant pro-
vides for one of the main bearing screw pipes to be supplied
with compressed oil for supplying oil to the idler gear
bearing, the oil being fed into the bearing pin for lubricating
the idler gear.

In one refinement of the present disclosure, two balance
shaft gear wheels meshing with one another are provided,
and a driving gear wheel, which is engaged with the mass
drive wheel via a balance shaft idler gear, is situated axially
next to a balance shaft gear wheel. This combination, on the
one hand, allows the gear ratio which is to be set to be
implemented and, on the other hand, the center distance
between the crankshaft and the two balance shafts is bridged
by the balance shaft idler gear.

In another embodiment of the present disclosure, an oil
pump gear wheel is directly engaged with the gear train gear
wheel.

BRIEF DESCRIPTION OF THE DRAWINGS

Further advantageous embodiments of the present disclo-
sure may be derived from the description of the drawings, in
which an exemplary embodiment shown in the figures is
described in greater detail:

FIG. 1a shows a front view of the internal combustion
engine including a partially mounted gear train including a
differential gear and a rolling bearing-supported idler gear;

FIG. 15 shows a cross-sectional view along A-A in FIG.
1a;

FIG. 2a shows a front view of the internal combustion
engine including a partially mounted gear train including a
differential gear and a friction bearing-supported idler gear;

FIG. 25 shows a cross-sectional view along B-B in FIG.
2a;

FIG. 2¢ shows a cross-sectional view along C-C in FIG.
2a;

FIG. 3a shows a front view of the internal combustion
engine including a partially mounted gear train including a
differential gear and a rolling bearing-supported idler gear;

FIG. 35 shows a cross-sectional view along A-A in FIG.
1a;
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FIG. 4a shows a front view of the internal combustion
engine including a partially mounted gear train including a
differential gear and a friction bearing-supported idler gear;

FIG. 4b shows a cross-sectional view along B-B in FIG.
4a; and

FIG. 4c¢ shows a cross-sectional view along C-C in FIG.
4a.

DETAILED DESCRIPTION

A crankshaft gear wheel 1 is attached to the crankshaft 19
and is operatively connected to mass balance shafts 20 with
the aid of an idler gear screwed onto bearing cover 2. A
centering receptacle 5 is situated in the bearing cover at
bearing cover 2. Furthermore, crankshaft gear wheel 1
attached at the crankshaft is operatively connected to the
idler gear of an oil pump 6, which is in turn operatively
connected to the drive wheel of the oil pump 7. The
screwed-on bearing pin 8 accommodates the rolling bearing-
supported idler gear 3 including screw 16 and rolling
bearing 15 screwed onto bearing cover 2.

In the view according to FIG. 2a, a front view of the
internal combustion engine including a partially mounted
gear train including a differential gear and a friction bearing-
supported idler gear is shown.

The mass differential gear is driven via a balance shaft
idler gear, which in turn drives a drive wheel situated axially
upstream from a balance shaft gear wheel, which is engaged
with a second balance shaft gear wheel.

These two balance shaft gear wheels 4 are connected to
the mass balance shafts 20 (FIG. 1a) mounted in gear frame
17 of the mass differential gear. This gear frame is screwed
directly to the underside of the crankcase 18 (FIG. 1a).
Crankshaft gear wheel 1 is attached to the crankshaft and is
operatively connected to mass balance shafts 204 with the
aid of idler gear 3 screwed onto bearing cover 2. Further-
more, crankshaft gear wheel 1 attached to the crankshaft is
operatively connected to idler gear 3, which is in turn
operatively connected to the drive wheel of the oil pump 7.
The cast-on bearing pin 9 accommodates a friction bearing-
supported idler gear 3, and which is screwed onto bearing
cover 2 using thrust washer 10 and screw 16. The annular
gap for oil supply 11 is supplied with oil for oil supply 13
of friction bearing 14 from annular gap 11 with the aid of oil
flow 12 from bearing block borehole into the annular gap.

The representation in FIG. 3a shows a front view of the
internal combustion engine including a partially mounted
gear train including a differential gear and a rolling bearing-
supported idler gear 3. Crankshaft gear wheel 1 is attached
to the crankshaft and is operatively connected to mass
balance shafts 204 with the aid of the idler gear screwed onto
bearing cover 2. A centering receptacle 5 is situated in the
bearing cover at bearing cover 2. Furthermore, crankshaft
gear wheel 1 attached to the crankshaft is operatively
connected to the idler gear of oil pump 6, which is in turn
operatively connected to the drive wheel of the oil pump 7.
The screwed-on bearing pin 8 accommodates a rolling
bearing-supported idler gear 3, including screw 16 and
rolling bearing 15 screwed onto bearing cover 2.

FIG. 4a shows a front view of the internal combustion
engine including a partially mounted gear train including a
differential gear and a friction bearing-supported idler gear
3. Crankshaft gear wheel 1 is attached to the crankshaft and
is operatively connected to mass balance shafts 204 with the
aid of idler gear 3 screwed onto bearing cover 2. Further-
more, crankshaft gear wheel 1 attached to the crankshaft is
operatively connected to idler gear 3, which is in turn
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operatively connected to the drive wheel of oil pump 7. The
cast-on bearing pin 9 accommodates a friction bearing-
supported idler gear 3 which is screwed onto bearing cover
2 with the aid of thrust washer 10 and screw 16. The annular
gap for oil supply 11 is supplied with oil for oil supply 13
of friction bearing 14 from annular gap 11 with the aid of oil
flow 12 from bearing block borehole into the annular gap.

LIST OF REFERENCE NUMERALS

1 crankshaft gear wheel

2 bearing cover

3 idler gear screwed onto bearing cover

4 mass balance shafts gears

5 centering receptacle in bearing cover

6 oil pump idler gear

7 drive wheel of oil pump

8 bearing pin screwed on

9 bearing pin cast onto bearing cover

10 thrust washer

11 annular gap for oil supply

12 oil flow from bearing block borehole into annular gap
13 oil supply of friction bearing from annular gap
14 friction bearing of idler gear

15 rolling bearing of idler gear

16 screw

17 gear frame

18 crankcase

19 crankshaft

20 mass balance shaft

What is claimed is:

1. An internal combustion engine comprising:

a crankcase;

a crankshaft is rotatably mounted in the crankcase;

a crankshaft gear situated on the crankshaft;

a gear frame fixed to a bottom of the crankcase;

a mass differential gear situated in the gear frame beneath

the crankshaft gear;

an intermediate gear; and

a bearing cover connected to the crankcase via main

bearing screws extending through main bearing screw
pipes of the bearing cover, the mass differential gear
being driven by the crankshaft gear via the intermediate
gear, the intermediate gear being situated at the bearing
covet,

wherein the intermediate gear is mounted on the bearing

cover via an intermediate gear bearing,

wherein one of the main bearing screw pipes is supplied

with compressed oil for supplying oil to the interme-
diate gear bearing.

2. The internal combustion engine as recited in claim 1
wherein the intermediate gear is an idler gear fastened to the
bearing cover by a fastener held in the bearing cover.

3. The internal combustion engine as recited in claim 2
wherein the idler gear includes a bearing pin fixed to the
bearing cover by the fastener and the intermediate gear
bearing is one of at least one bearing for rotatably coupling
the idler gear to the bearing cover.

4. The internal combustion engine as recited in claim 1
further comprising a drive wheel of an oil pump operatively
connected to the crankshaft gear.

5. The internal combustion engine as recited in claim 1,
wherein the intermediate gear is an idler gear and a lubri-
cating oil supply of the intermediate gear bearing of the idler
gear is tapped from a lubricating oil supply of a main bearing
on a crankcase-side in such a way that a supply borehole of
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a crankcase-side bearing block is partially drilled by which
oil is forwarded to the idler gear.
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